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Description 

BACKGROUND OF THE INVENTION 

[0001 ] This invention relates to a system tor emplac- 
ing a prosthesis and, more particularly, to a catheter 
system for placement of a graft having attachment 
means within a corporeal lumen. 
[0002] It is well established that various fluid conduct- 
ing bodies or corporeal lumens, such as veins and 
arteries, may deteriorate or suffer trauma so that repair 
is necessary. For example, various types of aneurysms 
or other deteriorative diseases may affect the ability of a 
lumen to conduct fluids and in turn may be life-threaten- 
ing. In some cases, the damaged lumen is repairable 
only with the use of a prosthesis such as an artif icial 
vessel or graft. 

[0003] For repair of vital vessels such as the aorta, 
surgical repair is significantly life-threatening. Surgical 
techniques known in the art involve major surgery in 
which a graft resembling the natural vessel is spliced 
into the diseased or obstructed section of the natural 
vessel. Known procedures include surgically removing 
or bypassing the damaged or diseased portion of the 
vessel and inserting an artificial or donor graft inserted 
and stitched to the ends of the vessel which were cre- 
ated by the removal of the diseased portion. 
[0004] It is known within the art to provide a prothesis 
for intraluminal repair of a vessel, such as an abdominal 
aorta having an aneurysm. The art has taught to pro- 
vide a prothesis positioned in a vessel then securing the 
prothesis within the vessel with hooks or staples that 
are mechanically extended by the user. The early prior 
art devices were large in diameter, mechanically com- 
plex and in turn were susceptible to mechanical failure. 
Prior intraluminal grafting systems have embodied cap- 
sule catheters or balloon catheters, but were relatively 
stiff and of a relatively high profile. Similarly, the prior art 
systems were configured in such a way that the graft 
was relatively difficult to deploy. In addition, prior sys- 
tems having capsule catheter means were usually con- 
figured such that the prothesis was disposed within a 
unitary capsule. 

[0005] In recent years, several devices have been 
developed to attempt to treat an aortic aneurysm 
through intraluminal repair. For example, U.S. Pat. No. 
4,140.126 (Feb. 20, 1979), Choudhury, discloses a 
method and article for performing an aneurysm repair, 
wherein a prosthetic graft is utilized to replace the dam- 
aged segment of the blood vessel. A plurality of radially 
spaced anchoring pins are located adjacent each end of 
the graft and provide means for securing the graft to the 
wall of the vessel. Means is provided for moving the 
graft within the vessel and permanently anchoring the 
graft to the wall of the vessel. 

[0006] U.S. Pat. No. 4,562,596 (Jan. 7, 1986). Korn- 
berg, discloses a bifurcated aortic graft constructed for 
intraluminal insertion having a plurality of struts having 



angled hooks with barbs at their superior ends. Means 
for inserting the graft and implanting the hooks into the 
vessel lumen is also disclosed. 
[0007] U.S. Pat. No. 4,787,899 (Nov. 29. 1988), Laza- 

5 rus, discloses an intraluminal grafting system including 
a hollow graft having an attachment means located at 
one end of the graft. The system includes positioning 
means for moving the graft within the vessel, the posi- 
tioning means having a capsule positioned at one end 

10 for covering the graft attachment means. The disclosed 
positioning means further includes an inflatable mem- 
ber for securing the attachment means within the 
lumen. 

[0008] EPO Pub. No. 0 461 791 A1 (Dec. 18. 1991), 
15 Barone et al. discloses an aortic graft and apparatus for 
repairing an aneurism, the disclosed system includes a 
tube graft secured within the aorta and an attachment 
means at each end of the graft. Intraluminal delivery is 
accomplished using a catheter having a balloon for 
20 expanding and securing the attachment means. The 
graft and attachment means are preferably enclosed by 
a sheath which covers the entire graft and attachment 
means. 

[0009] EPO Pub. No. 0 466 518 A3 (Jan. 15. 1992), 

25 Lazarus et al., discloses an intraluminal grafting system 
including a catheter having a capsule formed of a helical 
wrap of metal ribbon. A tubular graft having attachment 
means at both ends is removably disposed within the 
capsule. Means is provided for moving the graft from the 

30 capsule, and an inflatable member is provided for secur- 
ing the attachment means within a vessel lumen. 
[0010] U.S. Patent No. 5,104,399 (Apr. 14, 1992), 
Lazarus, discloses an intraluminal grafting system 
including a tubular graft having attachment means posi- 

35 tioned at both ends. The system includes a positioning 
means for transporting the graft through a vessel lumen 
and for deploying the graft within the lumen. The posi- 
tioning means includes an inflatable member, a capsule 
and means for removing the graft from the capsule. The 

40 capsule is disclosed as a rigid cylindrical member cov- 
ering the entire graft. 

[0011] EPO Pub. No. 0 508 473 A2 (Oct. 14, 1992), 
Piplani et al.. discloses an intraluminal grafting system 
including a catheter having a capsule formed of a helical 

45 wrap of metal ribbon. A bifurcated graft having attach- 
ment means is removably disposed within the capsule. 
Means is provided for moving the graft from the capsule, 
and an inflatable member is provided for securing the 
attachment means within a vessel lumen. 

so [001 2] To provide consistency with the common usage 
of terms in the medical surgical arts in the United 
States, the terms "proxirnalYdistar, "inferior H and"supe- 
rior" are used with a certain regularity within the present 
specification. Proximal refers to parts of the system, 

55 such as catheters, capsules and wires, which are clos- 
est to the user and cl sest to th portion of the system 
outside or exterior of the patient. Distal refers to the 
point farthest from the user and typically most interior to 



3 



EP 0 637 454 B1 



4 



the corporeal lumen. The term superior refers to a loca- 
tion situated above and is used herein in the description 
of the graft and attachment means. Inferior refers to a 
point situated below and again is used herein with refe- 
ree to the graft and attachment means. Thus, for appli- 
cations in the abdominal aorta which use a femoral 
approach, the superior end of the graft resides within 
the most distal portion of the balloon catheter. Likewise, 
the inferior end of the graft resides within the proximal 
capsule which is on the most distal portion of the cap- 
sule catheter. 

SUMMARY OF THE INVENTION 

[001 3] In general, it is an object of the present inven- 
tion to provide an intraluminal grafting system which 
overcomes the disadvantages of the prior art systems. 
[001 4] According to the present invention there is pro- 
vided a system for implanting a prothesis in a corporeal 
lumen having a wall, said system comprising: a graft 
having a superior end and an inferior end. said graft 
having a first attachment system located at the superior 
end and a second attachment system located at the 
inferior end; a capsule catheter having an elongate 
tubular member having proximal and distal ends; and a 
balloon catheter disposed within said capsule catheter, 
said balloon catheter including a second elongate tubu- 
lar member having proximal and distal ends, and an 
inflatable member positioned proximal the distal end of 
the second elongate tubular member, characterised in 
that said capsule catheter further includes a proximal 
capsule positioned at the distal end of the elongate 
tubular member and said balloon catheter further 
includes a distal capsule positioned proximate the distal 
end of the second elongate tubular member, wherein 
the superior end of said graft is removably retained in 
the distal capsule, and the inferior end of said graft is 
removably retained in the proximal capsule. 
[001 5] Preferred embodiments of the present system 
have several advantages over prior art systems. For 
example, in one embodiment, an over the wire configu- 
ration of the balloon catheter enables traversing the 
aneurysm with a guidewire. Using a guidewire in this 
manner minimizes the risk of dislodging thrombus in the 
aneurysm, since the placement means follows the 
guidewire thereby preventing the distal tip from contact- 
ing the vessel wall. In addition, using a guidewire allows 
for traversing more difficult anatomy. Also, the guide 
wire lumen may function as a through lumen for real 
time angiograms during the emplacement procedure or 
to insert intravascular probes such as intravascular 
ultrasound systems. 

[0016] As another advantage, the smaller diameter 
and lower profile of capsule assemblies permit use of 
the system in a larger patient population because of the 
variances in iliac vessel diameter. Similarly, the smaller 
device diameter relative to the iliac diameter may allow 
for easier navigation inside the corporeal lumen espe- 



cially with more difficult anatomy. Likewise, the two cap- 
sule segments permit a wider range of graft lengths 
than available with a single capsule design. The single 
capsule systems also require capsules slightly longer 

5 than the graft, which imposes certain manufacturing 
and deployment problems. Moreover, the shorter cap- 
sule segments provide a more flexible device, thereby 
allowing traversing more difficult anatomy. 
[001 7] Preferably, the balloon catheter includes a mul- 

10 tilumen hollow tube or shaft having a proximal end pro- 
vided with means for accepting a guide wire and with 
means for inflating a balloon or similar inflatable mem- 
ber. The balloon catheter shaft is of sufficient length that 
the proximal end remains exterior the corporeal lumen 

15 while the distal end of the balloon catheter shaft may be 
positioned proximate the portion of the corporeal lumen 
to be repaired. The balloon catheter further has means 
for inflating and deflating the balloon. In addition, the 
balloon catheter is coupled to control means and the 

20 distal capsule for retaining and releasing the superior 
end of the graft. In the preferred embodiment, the con- 
trol means includes a control wire and handle mecha- 
nism which provides movement of the distal capsule 
relative to the balloon catheter shaft. 

25 [0018] The capsule catheter is shaped and sized for 
positioning within the corporeal lumen. The capsule 
catheter comprises a hollow tube or shaft slidably 
mounted on the balloon catheter shaft, having a proxi- 
mal end exterior the corporeal lumen for manipulation 

30 by the user. The system is configured to provide relative 
movement between the proximal capsule of the capsule 
catheter and the distal capsule of the balloon catheter 
for removing the graft from the capsule means and for 
subsequently urging the attachment means into 

35 engagement with the wall of the corporeal lumen. 
[0019] In a preferred embodiment the system further 
includes a capsule jacket for providing a smooth transi- 
tion between the parts of the balloon catheter and cap- 
sule catheter. The capsule jacket comprises a double 

40 walled jacket or sheath configured coaxiaily with the bal- 
loon catheter and capsule catheter, having a proximal 
end exterior the corporeal lumen for manipulation by the 
user. The distal end of the capsule jacket flares out- 
wardly to a size which is slidably retained over the distal 

45 capsule when the system is deployed into the corporeal 
lumen. 

[0020] For most applications the prothesis is a hollow 
graft of preselected cross-section and length. The graft 
is deformable to conform substantially to the interior 

so surface of the corporeal lumen or other body part to be 
repaired. Preferably, the graft is made of a material suit- 
able for permanent placement in the body such as poly- 
tetrafluroethylene or a polyester. During emplacement, 
the superior and inferior ends of the graft are positioned 

55 within the corporeal lumen and the graft is configured 
such that the graft traverses the diseased or damaged 
portion of the vessel. To anchor the graft to the wall of 
the corporeal lumen, attachment means are secured to 
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the superior and inferior ends of the graft. 
[0021] The preferred attachment means has wall 
engaging members. The wall engaging members of the 
superi r attachment means are angled toward the infe- 
rior end of the graft. Similarly, the wall engaging mem- s 
bers of the inferior attachment means are angled 
slightly toward the superior end of the graft. The wall 
engaging members of both attachment means have 
sharp tips for engaging the corporeal lumen wall. The 
preferred attachment means are formed into a V- 10 
shaped lattice or framework. The frame of the attach- 
ment means allows for elastic radial deformation result- 
ing in a spring-like effect when a compressed 
attachment means is allowed to expand as the graft is 
released from the capsule means. In addition, radio- is 
paque markers are secured to the longitudinal axis of 
the graft to facilitate orientation of the graft using fluor- 
oscopy or x-ray techniques. 

[0022] Deployment of the graft comprises a series of 
steps which begin with introducing the system into the 20 
corporeal lumen using well known surgical techniques. 
As a single system, the balloon catheter, capsule cathe- 
ter and capsule jacket are manipulated to position the 
capsule means containing the graft and attachment 
means to a desired location within the corporeal lumen. 25 
Once the graft is in the desired location, the capsule 
jacket is withdrawn to expose the distal capsule and a 
portion of the graft. The distal capsule is then moved rel- 
ative to the balloon catheter shaft and capsule catheter 
to expose the superior attachment means. 30 
[0023] After the superior portion of the graft is 
removed from the capsule means, the inflatable mem- 
ber is moved to within the circumference of the superior 
attachment means and inflated to urge wall engaging 
members into the wall of the corporeal lumen. The cap- 35 
sule jacket and capsule catheter are then moved rela- 
tive to the graft and balloon catheter shaft to expose the 
inferior attachment means. The balloon catheter shaft is 
then moved to position the inflatable member proximate 
the inferior attachment means. The inflatable member is 40 
then expanded to seat the wall engaging members of 
the inferior attachment means. The placement means is 
then removed from the corporeal lumen. 
[0024] Other features and advantages of the present 
system will become apparent from the following detailed 45 
description, taken in conjunction with the accompanying 
drawings, which illustrate, by way of example, the princi- 
ples of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS so 
[0025] 

FIGURE 1 is a top plan view of an intraluminal graft- 
ing system embodying the present invention. 55 
FIG. 2 is a top plan view of a guidewire to be used 
with the endovascular grafting system of FIG. 1. 
FIG. 3 is a top plan view of the balloon catheter of 



the system of FIG. 1. 

FIG. 4 is a top plan view of the distal cap, control 
wire, guiding tube and control wire handle assem- 
bly of the system of FIG. 1 . 
FIG. 5 is a top plan view of the proximal capsule 
and capsule catheter assembly of the system of 
FIG. 1. 

FIG. 6 is a top plan view of the capsule jacket 
assembly of the system of FIG. 1 . 
FIG. 7 is a top plan view of a graft for use with the 
system of FIG. 1. 

FIG. 8 is a partial cross-sectional view of the distal 
end of the balloon catheter, capsule catheter and 
capsule jacket assemblies taken along the line 8-8 
of FIG. 1. 

FIG. 9 is an enlarged perspective view showing an 
embodiment of the distal capsule, distal end of the 
control wire and distal cap insert. 
FIG. 10 is an enlarged cross-sectional view of one 
embodiment of the distal capsule means of the bal- 
loon catheter. 

FIG. 1 1 is a cross-sectional view taken along the 
line 11-11 of FIG. 10. 

FIG. 1 2 is an enlarged perspective view showing an 
embodiment of the distal capsule, distal end of the 
control wire and distal cap insert. 
FIG. 13 is an enlarged cross-sectional view of an 
embodiment of the distal capsule means of the bal- 
loon catheter. 

FIG. 14 is a cross-sectional view taken along the 
line 14-14 of FIG. 13. 

FIG. 15 is a partial cross-sectional view of the con- 
trol wire and control handle mechanism taken along 
the line 15-15 of FIG. 1. 

FIG. 16 is a cross-sectional view taken along the 
line 16-16 of FIG. 15. 

FIG. 17 is a cross-sectional view taken along the 
line 17-17 of FIG. 15. 

FIG. 18 is a cross-sectional view taken along the 
line 18-18 of FIG. 1. 

FIG. 19 is a cross-sectional view taken along the 
line 19-19 of FIG. 1. 

FIG. 20 is a cross-sectional view taken along the 
line 20-20 of FIG. 1. 

FIG. 21 is a cross-sectional view taken along the 
line 21-21 of FIG. 1. 

FIG. 22 is a cross-sectional view taken along the 
line 22-22 of FIG. 1. 

FIG. 23 is a partial cross-sectional view of the graft 
and attachment means of the system of FIG. 1 . 
FIG. 24 is a cross-sectional view taken along the 
line 24-24 of FIG. 23. 

FIG. 25 is an enlarged perspective view showing a 
superior attachment means. 
FIG. 26 is an enlarged perspective view showing an 
inferior attachment means. 
FIG. 27 is a partial cross-sectional view of the intra- 
luminal grafting system shown positioned within the 
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corporeal lumen. 

FIG. 28 is a partial cross-sectional view of th intra- 
luminal grafting system, wherein the distal capsule 
has been removed from the superior end of the 
graft. 

FIG. 29 is a partial cross-section view of the intralu- 
minal grafting system, wherein the inflatable mem- 
ber has been expanded to seat the attachment 
means of the graft. 

FIG. 30 is a partial cross-sectional view of the intra- 
luminal grafting system, wherein the capsule jacket 
and capsule catheter have been withdrawn from the 
inferior end of the graft. 

FIG. 31 is a partial cross-sectional view of the intra- 
luminal grafting system, wherein the inflatable 
member has been positioned and inflated to seat 
the inferior attachment means. 
FIG. 32 is a partial cross-sectional view of the intra- 
luminal grafting system, wherein the inflatable 
member has been moved proximate the proximal 
capsule. 

FIG. 33 is a partial cross-sectional view of the intra- 
luminal grafting system, wherein the balloon cathe- 
ter, capsule catheter and capsule jacket have been 
placed in a position for withdrawal from the corpo- 
real lumen. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0026] As shown in the drawings and for purposes of 
illustration, in one embodiment the invention comprises 
an intraluminal grafting system of the type having a bal- 
loon catheter, a capsule catheter, and a protective 
sleeve or capsule jacket. One of the novel features of 
this embodiment is the use of a proximal capsule and a 
distal capsule to cover the inferior and superior ends of 
a graft to be implanted in the vessel. This feature pro- 
vides the capability of deploying the interior end of the 
graft before the superior end or visa versa. Another 
novel feature of the illustrated embodiment is the use of 
a sleeve or capsule jacket to create a smooth transition 
between the proximal capsule and the distal capsule. 
The uniqueness of the system is accentuated by the 
control wire and associated handle which provide rela- 
tive movement between the distal capsule and the bal- 
loon catheter. 

[0027] In the illustrated embodiment, the graft is com- 
prised of a monoluminal tubular member having supe- 
rior and inferior extremities. Attachment means are 
secured to the superior and inferior ends of the tubular 
member. The attachment means are provided with 
lumen piercing means which are covered by the proxi- 
mal and distal capsule assemblies. The balloon cathe- 
ter, capsule catheter and capsule jacket are configured 
coaxially so that relative movement between them pro- 
vides for deployment of the graft. The inflatable member 
of the balloon catheter is used to firmly implant the graft 



in the lumen. 

[0028] In more detail, the intraluminal grafting system 
50 is shown in FIGS. 1-7. As shown in FIG. 1 , the sys- 
tem includes a balloon catheter assembly 51, which is 

5 coaxially disposed within capsule catheter assembly 52, 
which is coaxially disposed within capsule jacket 
assembly 53. The capsule catheter and a distal capsule 
catheter assembly 90 are used to contain the graft 55. A 
control wire assembly 54 is coaxially disposed within a 

10 lumen of the balloon catheter assembly and configured 
to move the distal capsule assembly in relation to the 
other system components. In the preferred embodi- 
ment, the system is used as an over-the-wire device, 
such that the balloon catheter is further configured with 

15 a lumen for a guide wire 56. It is contemplated, however, 
that the system can also be used with well known fixed 
wire delivery system configurations. 
[0029] As shown in FIGS. 1 and 3, the balloon cathe- 
ter assembly 51 consists of an inflatable member or bal- 

20 loon 60 secured to a flexible elongate element or 
balloon catheter shaft 61. As shown in FIG. 18, the bal- 
loon catheter shaft is preferably configured with three 
lumens; however, the balloon catheter may be config- 
ured with a single, dual or similar multilumen shaft. A 

25 guide wire lumen 63 extends the length of the balloon 
catheter shaft. Similarly, a balloon inflation lumen 64 
extends from the proximal end 70 of the balloon cathe- 
ter to the inflatable member 60, wherein an inflation port 
83, FIG. 8, is provided to allow inflation fluid to enter and 

30 exit the inflatable member. The third lumen 65 is pro- 
vided for the control wire assembly 54. 
[0030] The flexible elongate element or balloon cath- 
eter shaft 61 is preferably formed of a material suitable 
for intraluminal use, such as irradiated polyethylene tub- 

35 ing. The three lumen balloon catheter shaft is preferably 
extruded to an outside diameter of 2.03 mm (0.08 
inches). The guide wire lumen 63 has an inner diameter 
of 1.07 mm (0.042 inches). The inflation lumen 64 and 
the control wire lumen 65 have identical inner diameters 

40 of 0.56 mm (0.022 inches). However, the lumen inside 
diameter may range from 0.381 -1.52 mm (0.015 to 0.06 
inches) and the outside diameter may range from 
0.889-2.54 mm (0.035 to 0.1 inches) for a multilumen 
balloon catheter shaft. The balloon catheter may vary in 

45 length to suit the application, for example, from fifty to 
one hundred-fifty centimeters. 
[0031] Referring to FIG. 1, the proximal extremity 70 
of the balloon catheter shaft 61 is secured to a splitting 
adapter 71 which splits the guide wire lumen 63 from 

so inflation lumen 64. The side arm 72 of the adapter 71 
has a stop cock 73 mounted at its proximal end which is 
movable between open and closed positions. The stop 
cock is provided with a Luer fitting 74 which is adapted 
to be secured to a syringe for injecting inflation fluid. 

55 The side arm 75 of the adapter 71 is connected to 
femal Luer fitting 77 for distal tip injection and to a 
Touhy Borst adapter 76 which is configured to remova- 
bly and slidably receive the guide wire 56. 
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[0032] The inflatable member or balloon 60 is prefer- 
ably secured twelve centimeters from the distal extrem- 
ity 80 of the balloon catheter shaft 61. The balloon is 
positioned proximal of the distal capsule assembly 90 
and the superior end of the graft 55. For shorter grafts of s 
four to seven centim ters in length, the inflatable mem- 
ber may be positioned distal of the distal capsule 
assembly. The balloon is formed of suitable material 
such as polyethylene. The balloon can vary in diameter 
from twelve to forty-five millimeters in diameter and can 10 
have a wall thickness ranging from 0.0254-0.127 mm 
(0.001 to 0.005 inches). The polyethylene utilized for the 
balloon is irradiated to achieve an appropriate balloon 
size. Preferably the balloon has an outside diameter of 
twenty-four millimeters, a diameter equal to the inner T s 
diameter "of the graft, and has a wall" thickness of 
approximately 0.076 mm (0.003 inches). In addition, the 
balloon is pleated along its axis for a low profile which 
facilitates its introduction into a corporeal lumen of a 
patient as hereinafter described. Further, the deflated 20 
balloon is heated to provide it with a memory of its low 
profile configuration. 

[0033] Balloon catheter shaft 61 is provided with an 
inflation lumen 64 which is in fluid communication with 
the inflation port 74. The inflation lumen is used to 25 
inflate and deflate the balloon 60 by introducing and 
withdrawing a gas or liquid through the inflation port. 
The balloon proximal stem 81 and balloon distal stem 
82 are heat sealed to the balloon catheter shaft to form 
a fluid tight seal. The length of the proximal stem may 30 
vary from 0.5 to 5.0 centimeters so that the balloon will 
span the distance between the inferior and superior 
attachment means of the graft 55. 
[0034] The balloon catheter shaft 61 has an inflation 
port 83 located approximately ten millimeters distal the 35 
balloon proximal stem 81. In addition, a radiopaque 
marker 84 is embedded in the balloon catheter shaft 
approximately two millimeters distal the balloon inflation 
port. Preferably, the radiopaque marker is a platinum or 
tungsten coil one centimeter long with an outer diameter 40 
of 0.508 mm (0.02 inches) and is located proximate the 
center of the balloon 60. It will be appreciated that 
although a separate inflatable member has been 
described an integral coaxial inflatable member may be 
provided which is formed of the same tubing from which 45 
the balloon catheter shaft is made. This can be readily 
accomplished, as is well known to those skilled in the 
art, by using an additional radiation dose for the balloon 
region of the shaft. 

[0035] As shown in FIGS. 2 and 8, a pusher button 85 so 
is slidably mounted on the balloon catheter shaft 61 and 
is located proximal the balloon proximal stem 81, for 
example, a distance of five to eight centimeters. The 
pusher button is retained from moving proximal on the 
shaft by an annular bulb 86 which is formed by localized ss 
heating of the shaft. A radiological mark r band 87 is 
placed on the shaft just proximal the annular bulb. The 
pusher button is preferably cylindrical having a preferred 



outside diameter of 5.588 mm (0.22 inches), ranging 
from 3.81-6.35 mm (0.15 to 0.25 inches). The pusher 
button is formed of a suitable material such as 300 
series stainless steel to achieve radiopacity. 
[0036] The balloon itself can also be observed under 
x-rays because the blood in the patient's vessel is more 
opaque than the gas used for inflating the balloon. In 
addition, increased visibility of the balloon can be 
obtained by inflating the balloon with a diluted radio- 
paque contrast solution. In addition, radiopaque bands 
of a suitable material such as platinum or a platinum- 
tungsten alloy can be placed on the proximal and distal 
balloon stems 81 and 82 to aid in ascertaining the posi- 
tion of the balloon. Similarly, radiopaque rods may be 
inserted in the distal balloon shaft tubing, in the control . 
wire or balloon inflation lumens. 
[0037] The intraluminal grafting apparatus also 
includes a control wire assembly 54, which is shown in 
FIGS. 1 and 4. The distal end of the control wire assem- 
bly consists of a distal capsule assembly 90. As shown 
in more detail in FIGS. 9-14, the distal capsule assem- 
bly comprises a control wire 91 secured within a distal 
cap 92. A hollow distal capsule 93 is secured to the dis- 
tal cap and coaxially surrounds the control wire. 
[0038] The control wire 91 is threaded through aper- 
ture 94 in the balloon catheter shaft 61 and is slidably 
disposed in the balloon catheter shaft lumen 65. Distal 
end 95 of the control wire is embedded in distal cap 
insert 96 which is secured to the distal cap 92 by means 
of an adhesive, solvent bonding, ultrasonic welding or 
by heat shrinking. As shown in FIG. 9, the distal cap 
insert is formed with radiopaque markers 97 and 98. 
Preferably, a 1.01 mm wide (0.04 inch), 0.127 mm 
(0.005 inch) thick and 2 millimeters long ribbon is dis- 
posed in slots formed in the circumference of the insert 
at a 90 degree angle from the control wire. 
[0039] As shown in FIG. 10, balloon catheter proximal 
cap 100 is secured to the balloon catheter shaft 61 at a 
position distal the balloon distal stem 82 and proximal 
the aperture 94. The proximal cap is secured to the bal- 
loon catheter shaft by adhesive and by means of a 
retaining bump 101. Retaining sleeve 102 slidably 
secures the control wire 91 against the balloon catheter 
shaft. Thus, as the control wire is moved in a longitudi- 
nal manner, the distal end of the control wire 95, distal 
cap insert 96, the distal cap 92 and distal capsule 93 
each move as a single assembly. The proximal edges 
103 of the distal capsule are rolled, curved or crimped 
inward so that the proximal cap will lock into the distal 
capsule when the distal capsule is advanced. 
[0040] Referring to FIG. 1 1 , the distal cap 92 may be 
formed from polycarbonate or other suitable material for 
insertion through the body lumen. The distal cap is 
formed with a bore 104 of approximately the same 
diameter as the outer diameter of balloon catheter shaft 
61. Similarly, the distal cap insert 96 may be formed of 
the same material as the distal cap, wherein the distal 
cap insert is provided with a bore 105 for receiving the 
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balloon catheter shaft. The distal cap is further provided 
with a recess 1 06 or ther means for receiving the distal 
end of the distal capsule 93. The distal capsule is pref- 
erably formed of stainless steel, but may be formed of 
other suitable biocompatabie material, such as a nickel 
titanium. The distal cap recess is angled to allow crimp- 
ing of the distal capsule to the distal cap. 
[0041] The outside diameter of the distal cap 92 and 
capsule 93 may range from 4 to 9 millimeters and is 
preferably 7.16 mm (0.282 inches) in outer diameter 
and 7.01 mm (0.276 inches) inner diameter. Similarly, 
the balloon catheter proximal cap 100 outer diameter is 
comprised of stainless steel and has an outside diame- 
ter slightly less that of the distal capsule so as to provide 
a smooth transition. The proximah end of the proximal 
cap is preferably rounded to minimize trauma in the ves- 
sel and to facilitate balloon retraction into the graft 55 
during the emplacement process. The distal capsule 
may range in length from one to five centimeters, and 
preferably is three centimeters long so as to adequately 
retain the distal end of the graft 55. 
[0042] FIGS. 12-14 show an alternative embodiment 
of the distal cap assembly 90. In this embodiment, the 
control wire 91 is threaded through an opening 107 in 
the distal cap insert 108. A longitudinal slot 109 is cut 
out in the balloon catheter shaft 61 to expose the bal- 
loon catheter shaft lumen 65. The control wire is formed 
in a U-shaped bend over the opening in the distal cap 
insert and is configured to slide within the slot and tfie 
lumen 65 of the balloon catheter shaft. The distal end of 
the control wire resides in the portion of the balloon 
catheter shaft lumen beyond the end of the slot. This 
configuration allows the distal cap assembly to move 
axially along the balloon catheter shaft. The U-shaped 
bend of the control wire through the distal cap insert, 
however, prevents the distal cap assembly from rotating 
in relation to the balloon catheter shaft. As described 
above, the balloon catheter insert is firmly secured 
within the distal cap. To prevent rotation of the distal 
cap, a three centimeter length of the control wire 
extends distal of the distal cap and is slidably disposed 
in the balloon catheter shaft lumen 65. 
[0043] As shown in FIGS. 15-17, a handle assembly 
110 is secured to the proximal end of the control wire 
91. The handle assembly comprises a proximal body 
1 1 1 , a distal body 1 1 2, a control knob 1 13 with threaded 
shaft 114 and a guiding member 115. The two handle 
body parts have a central bore for receiving the balloon 
catheter shaft 61. The guiding member is coaxially dis- 
posed over the balloon catheter shaft and extends dis- 
tally from the central bore in the distal handle body. The 
proximal end of the guiding member is secured to the 
balloon catheter shaft approximately one centimeter 
proximal from the distal end of the distal handle body by 
means of a polyethylene sealing tube 116 which is heat 
shrunk over th proximal end of the guiding m mber. An 
adhesive may be used to fix the distal handle body to 
the guiding member. 



[0044] Guiding member 115 consists of a rigid thin 
wall tube formed of a suitable material such as stainless 
steel, a catheter hypotube. The guiding member 
has a length of about 45 centimeters and has an outside 
s diameter of 2.41 mm 0.095 (inches) and an inside diam- 
eter of 2.21 mm (0.087 inches). The control wire 91 
preferably consists of an elongate solid flexible stainless 
steel wire having a FEP or lubricating coating. The 
coated control wire is about 0.508 mm (0.02 inches) in 
w diameter so as to provide sufficient strength to move the 
distal capsule assembly 90 without breaking or kinking. 
Referring to FIG. 15, the control wire resides in the bal- 
loon catheter lumen 65 and extends from the distal cap- 
sule assembly to an aperture 117 located in the lumen 
is just proximal of the proximal end of the guiding member. 
[0045] The proximal end of the control wire 91 is dis- 
posed within a longitudinal central bore in a retaining 
tube 120 approximately six centimeters long. The 
retaining tube's proximal end is slidably disposed within 

20 a longitudinal guiding slot 121 in proximal handle body 
111. Similarly, the retaining tube's distal end is slidably 
disposed within an longitudinal upper slot 122 in the dis- 
tal handle body 1 12. A transverse threaded bore 123 is 
located approximately 6.35 mm (0.25 inches) from the 

25 proximal end of the retaining tube for receiving the 
threaded shaft 114. The threaded shaft is turned down 
in the threaded bore to engage the control wire to 
secure the control wire firmly in the retaining tube. 
[0046] The threaded shaft 1 1 4 extends upwardly from 

30 the retaining tube 120 through the proximal handle body 
1 1 1 and is movable within the guiding slot 121 . The con- 
trol knob 113 is threaded onto the threaded shaft, 
wherein the control knob can be turned down and tight- 
ened onto the proximal handle body, thereby locking the 

35 retaining tube and control wire 91 in a fixed position rel- 
ative to the balloon catheter When the control knob is 
loosened, any longitudinal movement of the control 
knob causes corresponding movement of the distal cap- 
sule assembly 90. 

40 [0047] As shown in FIGS. 1 and 5, the capsule cathe- 
ter assembly 52 consists of a proximal capsule catheter 
assembly 130 secured to the distal end of a flexible 
elongate tubular member 131 formed of a suitable plas- 
tic material such as polyether block amide available 

45 under the trademark "PEBAX", available from Atochem 
Polymers, Glen Rock, N.J. The capsule catheter elon- 
gate tubular member is of a suitable length as, for exam- 
ple, 40 to 100 centimeters and preferably approximately 
60 centimeters for the abdominal aortic artery and 

so approximately 80 centimeters for the thoracic aortic 
artery. The elongate tubular member has a preferred 
outside diameter of 4.75 mm (0.187 inches) and an 
inside diameter of 3.175 mm (0.125 inches). The elon- 
gate tubular member can be produced in a certain color 

55 such as blue. To render the elongate tubular member 
radiopaque und r x-rays, its material of construction 
may contain a radiopaque material, such as twenty per- 
cent by weight of bismuth subcarbonate or barium sul- 
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fate. The elongate tubular member may have markings 
or bands distal of the wye adapter 1 45 at predetermined 
positions to indicate capsule jacket retraction and lock- 
ing points. 

[0048] The proximal catheter assembly 130 has a 
proximal capsule 132 mounted on the distal extremity of 
the capsule catheter elongate tubular member 131 . The 
proximal capsule has a preferred diameter ranging from 
four to nine millimeters, which may be configured to 
accommodate different size grafts. The proximal cap- 
sule is configured to match the size of the distal capsule 
assembly 90. Thus, the proximal capsule is preferably 
made of stainless steel or similar impermeable and 
rigid, or semi-flexible material. The elongate tubular 
member also serves as a shaft for advancing the proxi- 
mal capsule, as hereinafter described'. Thus, the elon- 
gate tubular member should have a diameter which is 
less than that of the proximal capsule, preferably having 
an outside diameter ranging from three to seven millim- 
eters. 

[0049] Referring to FIG. 8, the proximal capsule 132 
is secured to the distal extremity of the elongate tubular 
member 131 by means of a capsule adapter assembly 
133. The capsule adapter assembly comprises a hous- 
ing 134 and an inner sleeve 135, which may be con- 
structed from polycarbonate. The capsule adapter 
housing distal extremity 136 is secured in the proximal 
extremity of the capsule, for example, by crimping, by 
using a press fit swaging or an adhesive such as a 
cyanoacrylate ester. The capsule adapter housing distal 
extremity may be angled to facilitate securing the hous- 
ing to the proximal capsule. 

[0050] The proximal extremity of the capsule adapter 
housing 134 is secured to the distal extremity of the 
elongate tubular member 131 by means of an cyanoacr- 
ylate ester adhesive, or other suitable means. To facili- 
tate a mechanical lock, the elongate tubular member 
distal extremity is molded to form a flange 137, wherein 
the capsule adapter housing is configured so as to close 
around the flange. The capsule adapter housing is fur- 
ther provided with a recess for receiving the capsule 
adapter inner sleeve 135. The inner sleeve is provided 
with a bore of a suitable diameter so as to allow the bal- 
loon catheter shaft 61 to reside therein. The inner 
sleeve may further be provided with radiopaque marker 
rods or flat ribbon 138 for detection of the capsule 
adapter assembly 130 during fluoroscopy. 
[0051 ] A wye adapter 1 45 is secured to the proximal 
extremity of the flexible tubular member 131 of the cap- 
sule catheter. The central arm 1 46 of the wye adapter is 
connected to a Touhy Borst adapter 147 which tightens 
around the guiding member 1 15 disposed in the central 
arm of the wye adapter. The side arm 148 of the wye 
adapter has a stop cock 149 mounted therein which is 
movable between open and closed positions. The stop 
cock is provided with a Luer fitting 150 which is config- 
ured to accept a syringe for injecting a dye. Air may be 
purged from th capsule jacket assembly 53 by injecting 



fluid through the Luer fitting. The injection fluid will exit 
purge ports 151 and 152, thereby filling the capsule 
jacket assembly with injection fluid. The Luer fitting may 
be attached to a saline drip line during the operative 

5 procedure. 

[0052] Referring to FIGS. 1 , 6 and 8, the capsule 
jacket assembly 53 is slidably disposed coaxially over 
the capsule catheter assembly 52 and the balloon cath- 
eter assembly 51. The capsule jacket assembly is com- 

10 prised of a main sheath 160, a capsule jacket support 
sheath 161 and a locking connector 162. The main and 
support sheaths are coaxial from their proximal end, to 
a point approximately 1 5 centimeters from the distal end 
163 of the main sheath, depending on the length of the 

15 graft. At the point where the support sheath terminates, 
the main sheath flares to" an' expanded diameter to 
cover the proximal capsule 132 and the distal capsule 
93. The diameter of the main sheath is about 6.68 mm 
(0.263 inches) at its proximal end and about 7.62 mm 

20 (0.3 inches) at the distal end 163. The proximal ends of 
the sheaths may be secured to the sheath adapter 164 
of the locking connector by mechanical means and by 
adhesive. The distal end of the main sheath of the cap- 
sule jacket is provided with radiopaque marker 166. 

25 [0053] When the capsule jacket assembly 53 is in its 
most distal position, the distal end 163 of the capsule 
jacket main sheath extends to cover at least a portion of 
the distal capsule assembly 90. Similarly, the capsule 
jacket locking connector 162 is thereby positioned just 

30 proximal the proximal capsule catheter purge port 1 51 . 
Prior to insetion into the lumen, locking ring 165 is 
turned down to hold the capsule jacket assembly firmly 
in place, thereby maintaining a smooth transition sur- 
face along the length of the intraluminal grafting system 

35 50. When the locking ring is released, the capsule 
jacket assembly may be moved to a furthermost proxi- 
mal position, wherein at least a portion of the proximal 
capsule catheter assembly is exposed. Thus, the lock- 
ing connector is positioned just distal the capsule cath- 

40 eter wye adapter 1 45. The locking ring may be tightened 
at any intermediate position to firmly secure the capsule 
jacket assembly at the desired location. In addition, a 
radiopaque marker 166 is provided at the distal end of 
the main sheath to facilitate proper linear positioning of 

45 the main sheath. 

[0054] As shown in FIGS. 1 and 7, the intraluminal 
grafting apparatus 50 also includes an expandable 
intraluminal vascular graft 55 for implanting in a body 
vessel. Referring to FIG. 23, the graft consists of a 

so deformable tubular member 1 70 which is provided with 
superior end 171, inferior end 172 and a cylindrical or 
continuous wall 173 extending between the superior 
and inferior ends of the graft. The tubular member may 
have a length in the range of 8 to 20 centimeters, where 

55 1 0 centimeters is suitable for most patients. The tubular 
member may have a maximum expandable diameter 
ranging from 14 to 40 millimeters and a minimum diam- 
eter in a collapsed condition of 4.44-7.62 mm (0.175 to 
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0.3 inches). The continuous wall can be woven of any 
surgical implantable material such as polytetrafluroeth- 
ylene or a polyester fiber made from polyethylene 
terephthalate (PET), such as "DACRON* type 56. One 
material found to be satisfactory is "DEBAKEY" soft 5 
woven "DACRON" vascular prosthesis (uncrimped) sold 
by C.R. Bard of Billerica, Mass. In order to prevent 
unraveling of the woven material at the ends, the ends 
can be melted with heat to provide a small melted bead 
of material on each end. 10 
[0055] Referring to FIG. 23, expandable attachment 
means 175 is secured adjacent the superior end 171 of 
the tubular member 170. Similarly, expandable attach- 
ment system 176 is secured adjacent the tubular mem- 
ber's inferior end 172. Each attachment system serves 15 
to yieldably urge the tubular member from a first com- 
pressed or collapsed position to a second expanded 
position. Each attachment system is formed of a plural- 
ity of vees 177 with the outer apices 178 and inner api- 
ces 179 of the vees being formed with helical coil 20 
springs 180 to yieldably urge the long legs 181 and 
short legs 182 of each of the vees outwardly at a direc- 
tion approximately at right angles to the plane in which 
each of the vees lie. 

[0056] As shown in more detail in FIG. 25, the superior 25 
attachment system 1 75 is comprised of a single piece of 
wire which is formed to provide the vees 1 77 and also to 
define the helical coil springs 180 between the legs 181 
and 1 82. The two ends of the single piece of wire can be 
welded together in one of the legs to provide a continu- 30 
ous spring-like attachment means. In the construction 
shown in FIG. 23, it can be seen that the attachment 
means have apices lying in four longitudinally spaced- 
apart parallel planes which are spaced with respect to 
the longitudinal axis of the tubular member 1 70. 35 
[0057] The superior and inferior attachment means 
175 and 176 are secured to the superior and inferior 
ends 171 and 172, respectively, of the tubular member 
1 70 by suitable means such as a polyester suture mate- 
rial 190. As shown in FIG. 23, the suture material is 40 
used for sewing the attachment means onto the wall 
173 of the tubular member. Knots 191 are preferably 
formed on each of the legs or struts 181 and 182 to 
firmly secure each leg to the graft. The legs may be 
secured so that the apices lying in each plane are stag- 45 
gered to provide for the minimum profile when the 
attachment means is placed in its collapsed condition. 
The inferior attachment means 176 may be attached to 
the inferior end of the graft 1 72 in a similar manner. 
[0058] As shown in FIGS. 25 and 26, wall engaging 50 
members 195 and 196 are preferably secured to the 
legs 181 and 182 in the vicinity of the outer apices 178 
by suitable means such as welding. The wall engaging 
members have a diameter ranging from 0.254-0.457 
mm (0.01 to 0.018 inches) and a length from 0.5 to 5.0 55 
millimeters. The wall engaging members are preferably 
sharpened to provide conical tips, and should have a 
length which is sufficient for the tip to penetrate into and 



perhaps through the corporeal lumen wall. 
[0059] The superior attachment means 175 and the 
wall engaging members 195 secured thereto are 
formed of a corrosion resistant material which has good 
spring and fatigue characteristics. One such material 
found to be particularly satisfactory is "ELGILOY" which 
is a cobalt-chromium-nickel alloy manufactured and 
sold by Elgiloy of Elgin, Illinois. The wire can have a 
diameter ranging from 0.203-0.406 mm (0.008 to 0.016 
inches), with a smaller diameter wire being utilized for 
the smaller diameter grafts. For example, 0.305-0.406 
mm (0.012 to 0.016 inch) diameter wire for the frame 
and wall engaging members may be used in the larger 
grafts of eighteen to twenty-eight millimeters diameter, 
and 0.203-0.305 mm (0.008 to 0.012 inch) diameter 
wire may be used in the smaller grafts of eight to sixteen 
millimeters in diameter. 

[0060] It has been found that the spring force created 
by the helical coils 180 at the apices 178 and 179 is 
largely determined by the diameter of the wire. The 
greater the diameter of the wire, the greater the spring 
force applied to the legs 181 and 182 of the vees. Also, 
the longer the distances are between the apices, the 
smaller the spring force that is applied to the legs. It 
therefore has been desirable to provide a spacing 
between the outer extremities of the legs of approxi- 
mately one centimeter, although smaller or larger dis- 
tances may be utilized. 

[0061 ] To facilitate securing the graft 55 in the corpo- 
real lumen, the wall engaging members 195 and 196 of 
the superior attachment means 175 and inferior attach- 
ment means 1 76 may be angled with respect to longitu- 
dinal axis of the tubular member 1 70, The wall engaging 
members face outwardly from the tubular member to 
facilitate holding the graft in place. Preferably, the wall 
engaging members on the superior attachment means 
are inclined from the longitudinal axis and toward the 
inferior end of the graft 1 72 by 55° to 85° and preferably 
about 75°. Likewise, the wall engaging members of the 
inferior attachment means may be inclined towards the 
superior end of the graft 1 75 by 30° to 90° and prefera- 
bly 85°. By angling the wall engaging members so that 
they resist the force of the blood flow, the implanted wall 
engaging members oppose migration of the graft. 
[0062] The helical coil springs 180 placed at the api- 
ces 178 and 179 serve to facilitate compression of the 
graft 55 to place the superior and inferior attachment 
means 175 and 176 within the capsule assemblies 90 
and 130, as hereinafter described. The compression of 
the graft is accomplished by deformation of the coil 
springs within their elastic limits. Placing the apices in 
different planes and staggering or offsetting the wall 
engaging members 195 and 196 significantly reduces 
the minimum compressed size of the graft. Having the 
apices in different planes also helps to prevent the wall 
engaging members from becoming entangled with each 
other. The natural spring forces of the helical coil 
springs serves to expand the graft to its expanded posi- 



9 



17 



EP0 637 454 B1 



18 



tion as soon as the attachment means is free of the cap- 
sule means. 

[0063] The graft 55 preferably contains radiopaque 
marker means for locating the graft and for detecting 
any twisting of the graft during deployment. The radio- 
paque marker means takes the form of two sets of radi- 
opaque markers 197 and 198. The radiopaque markers 
are made of a suitable material such as a platinum tung- 
sten alloy wire of a suitable diameter such as 0. 1 02 mm 
(0.004 inches) which is wound into a spring coil having 
a diameter of 0.102 mm (0.04 inches). The radiopaque 
markers are secured to the tubular member 170 by 
sutures 199, using the same material used to secure 
the attachment means to the graft. 
[0064] As shown in FIG. 23, the radiopaque markers 
197 and 198 are located on the tubular member 170 of 
the graft 55 in a line parallel to the longitudinal axis of 
the tubular member. Each tubular member preferably 
has at least two sets of markers such that the first 
marker is positioned 0.5 centimeters from the superior 
attachment system 1 75. Additional markers are posi- 
tioned every one centimeter thereafter for the length of 
the tubular member. The last marker in each set is 0.5 
centimeters away from the inferior attachment system 
176. Thus, the total number of markers in each set 
depends upon the length of the graft. 
[0065] Referring also to FIG. 24, each of the first set 
of radiopaque markers 197 has a preferred length of 3 
millimeters. Each of the second set of markers 1 98 pref- 
erably has a smaller length, for example 2 millimeters, 
and are positioned along the longitudinal axis of the 
tubular member 170 at a position 180° from the first set 
of markers. By placing markers of different lengths 
along the axis of the tubular member, it is possible to 
ascertain the position of the graft 55 and to determine 
whether the graft has twisted between its superior and 
inferior ends 171, 172. Under fluoroscopy, the two sets 
markers will be exhibited as two relatively straight lines 
for an untwisted graft, wherein a twisted graft will be 
revealed by a non-linear pattern of markers. By placing 
the markers at equal increments apart, it is possible to 
use fluoroscopy to ascertain longitudinal compression 
or tension on the graft. 

[0066] The sizing of the graft 55 may be performed on 
a patient-by-patient basis, or a series of sizes may be 
manufactured to adapt to most patient needs. For the 
repair of an aortic aneurism, the length of the graft is 
selected to span approximately one centimeter superior 
and one centimeter inferior of the aneurysm, so that the 
wall engaging members 195 and 196 of the graft can 
seat within normal tissue of the vessel on both sides of 
the aneurysm. Thus, the graft should be about two cen- 
timeters longer than the aneurysm being repaired. Dur- 
ing the preimplant fluoroscopy procedure, a 
conventional pigtail catheter is used to determine the 
locations of the renal arteri s to ensure the renals will 
not be covered by the implanted graft. Similarly, the 
diameter of the tubular member 170 is selected by 



measuring the corporeal lumen which will receive the 
graft by conventional radiographic techniques and then 
selecting a tubular member having a diameter one mil- 
limeter larger than that measured. 

5 [0067] FIG. 8 depicts the distal end of the intraluminal 
grafting system 50 assembled for deployment. The graft 
55 is disposed within the proximal capsule assembly 
130, the distal capsule assembly 90 and the capsule 
jacket assembly 53. The superior end of the graft 171 

10 and superior attachment means 175 are removably 
retained within the distal capsule 93. Likewise, the infe- 
rior end of the graft 172 and inferior attachment means 
176 are removably retained within the proximal capsule 
132. The distal cap 92 is in its retracted or proximal 

15 position adjacent to proximal cap 100. Similarly, control 
wire 91 is locked via control knob 1 13 in its retracted or 
proximal position. During initial deployment, capsule 
catheter tubular member 131 is in its most distal posi- 
tion in relation to balloon catheter assembly 51 and is 

20 locked in place by the locking ring on the Touhy Borst 
adapter 147. 

[0068] During initial deployment, the distal end of the 
balloon catheter 80 is positioned such that the balloon 
60 resides within the tubular member 170 of the graft 

25 55, as shown in FIG. 8. The proximal cap 100 is posi- 
tioned just proximal the distal cap 92 and is disposed 
within the distal capsule 93. Likewise, pusher button 85 
is disposed just proximal the inferior attachment means 
1 76 of the graft. The capsule jacket assembly 53 is posi- 

30 tioned such that the distal end of the capsule jacket 
main sheath 160 overlaps at least a portion of the distal 
capsule 93. During deployment, capsule jacket locking 
connector 162 secures the main sheath in place. Thus, 
when any movement or force is applied to the handle 

35 assembly 1 1 0, the entire apparatus 50 moves as a sin- 
gle unit. 

[0069] By way of example, the following describes a 
method of repair of an aortic aneurism using the 
described intraluminal grafting system 50 for intralumi- 

40 nal placement of a graft in an aorta. First, a patient is 
prepared in a conventional manner by use of a guide 
wire 56, a dilator and sheath (not shown) to open the 
femoral artery or vessel of the patient. The distal end of 
the intraluminal grafting apparatus 50 is then inserted 

45 into the sheath, which has previously been placed in the 
femoral artery In a preferred embodiment of the present 
invention, balloon catheter lumen 63 is adapted to 
receive the guide wire 56. However, the following proce- 
dure may also be used when the guiding member is 

so constructed as part of the balloon catheter. 

[0070] As shown in FIG. 27, the guide wire 56 is intro- 
duced by the physician into the femoral artery and 
advanced to the desired location in the aorta 200 and 
adjacent to the diseased or damaged portion of the ves- 

55 sel 201 . The balloon catheter assembly 51 , the capsule 
catheter assembly 52, the capsule jacket assembly 53 
and the control wire assembly 54 are all configured for 
deployment as shown in FIGS. 1 and 8. Thus, the 
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assemblies are advanced by the physician as a single 
unit over the guide wire. The physician uses the handle 
assembly 1 10 and the proximal end of the balloon cath- 
eter 70 to guide the distal end of the assemblies over 
the guide wire. Typically, the desired position for 5 
implanting the graft 55 will be within the abdominal 
aorta with the superior extremity 1 71 of the graft at least 
one centimeter inferior to the lower renal artery. 
[0071] When the distal capsule assembly 90 and the 
superior attachment means 1 75 are in the desired posi- 10 
Won, the superior end of the graft 55 is implanted. First, 
the locking ring 165 of the capsule jacket assembly 53 is 
loosened to allow movement of the capsule jacket main 
sheath 160. While using one hand to firmly grasp the 
capsule catheter assembly 52 and hold it stationary, the -75 
physician grasps the sheath adapter 164 with the other 
hand and gently pulls the sheath adapter proximally 
towards the capsule catheter wye adapter 145, as 
shown in FIG. 28. The capsule jacket assembly is 
moved about 6 centimeters to fully expose the distal 20 
capsule assembly, and partially expose the graft. The 
locking ring is then tightened to hold the capsule jacket 
assembly in place. 

[0072] At this point in the procedure, the superior end 
of the graft 1 71 is disposed in the distal capsule 93, the 25 
inferior end of the graft 172 is securely retained with in 
the proximal capsule 132 and the distal end of the cap- 
sule jacket main sheath 160 is located about midway 
between the ends of the graft. The control knob 113 is 
then loosened to permit relative movement between the 30 
distal capsule assembly 90 and the balloon catheter 
assembly 51 to expose superior end 1 71 of the graft 55. 
Again using one hand to firmly grasp the handle assem- 
bly 110, the physician slides the control knob distally 
toward the wye adapter 1 45. Since the distal cap 92 and 35 
distal capsule 93 are secured to the control wire 91, 
they move in a about a 1:1 ratio with the movement of 
the control knob. The control knob is moved distally 
approximately 3 centimeters, which moves the distal 
capsule from engagement with the superior attachment 40 
means 175 and exposes the balloon catheter proximal 
cap 100. The control knob is then locked in place. As 
soon as the distal capsule has cleared the superior 
attachment means 175, the superior extremity of graft 
expands outwardly under the force of the self-expanding 45 
attachment means which springs into engagement with 
the vessel wall 202. 

[0073] Once the superior attachment means 175 is 
exposed, steps are taken to firmly seat or urge the wall 
engaging members 195 and 196 in the vessel lumen, so 
First, locking ring 165 is loosened, and the capsule 
jacket assembly 53 is moved proximally to a point where 
the distal end of the main sheath 160 is positioned just 
proximal the distal end of the proximal capsule 132 
(FIG. 29). The capsule jacket assembly is then locked in 55 
place. Then, the locking ring on th capsule catheter 
Touhy Borst adapter 147 is loosened to permit relative 
movement between the capsule catheter assembly 52 



and the balloon catheter 51. While the physician uses 
one hand to hold the capsule catheter assembly station- 
ary, the handle assembly 110 is grasped by the other 
hand and pushed distally to position the center of the 
balloon 60 into the superior extremity of the graft 171. 
The radiopaque marker 84 is used to align the balloon 
and attachment means. 

[0074] Thereafter, a conventional hand operated 
syringe or inflation assembly (not shown) is attached to 
the balloon catheter inflation port 74. The balloon is 
then expanded by introducing a suitable gas such as 
carbon dioxide or a dilute radiopaque liquid from the 
syringe to urge the wall engaging members 195 and 
196 outwardly to firmly emplace the attachment system 
within the vessel wall 202. The balloon may be deflated 
and inflated repeatedly to ensure the superior attach- 
ment means is firmly implanted in the vessel. The bal- 
loon may be then deflated or may remain in an inflated 
position during the next steps of the procedure. 
[0075] As shown in F IG. 30, the next step is to implant 
or anchor the inferior attachment system 176. With the 
handle assembly 110 held firmly in place, the capsule 
catheter assembly 52 is moved proximally until the infe- 
rior attachment system and inferior end of the graft 172 
are completely clear of the proximal capsule 132. Once 
the inferior extremity of the graft is free of the proximal 
capsule, the inferior attachment system will spring open 
and the wall engaging members 195 and 196 will 
engage the vessel wall 202. Leaving the balloon 60 
inflated while the capsule catheter assembly is moved 
ensures that the superior attachment system 175 will 
remain firmly secured in place. Thereafter, the balloon 
may be deflated and the capsule catheter locking ring 
147 secured to the guiding member 115. thereby secur- 
ing the capsule catheter assembly 52 to the balloon 
catheter assembly 51. 

[0076] In certain circumstances, an alternate method 
of deploying the inferior attachment system 1 76 may be 
employed. Such an alternate method may be advanta- 
geous when a graft has been chosen that is of a length 
which exceeds the length of the aorta, thereby jeopard- 
izing a secure emplacement of the inferior extremity of 
the graft. In such cases, the balloon 60 is deflated so 
that the balloon catheter assembly 51 can be freely 
moved within the corporeal lumen. Next, the capsule 
catheter assembly 52 is advanced in a distal direction 
so that the inferior attachment system is positioned in 
the desired location of the aorta 200. 
[0077] With the inferior attachment system 176 and 
the inferior extremity of the graft 1 72 in the portion of the 
corporeal lumen where the wall engaging members 196 
are to engage the vessel wall 202, the balloon catheter 
shaft 61 is advanced so that the pusher button 85 and 
retaining bump 86 engage the inferior attachment sys- 
tem. Then the user holds the handle assembly 54 and 
balloon catheter assembly 51 fixed while moving the 
capsule catheter assembly 52 in a proximal direction. 
When the proximal capsule assembly 130 moves suffi- 
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ciently distally, the inferior attachment system will be 
released from the proximal capsule 132. The inferior 
attachment system and inferior wall engaging members 
may then be secured with the balloon 60. 
[0078] As shown in FIG. 31 , the handle assembly 110 s 
is moved proximaily so that the balloon 60 is then 
retracted further into the graft 55 and placed adjacent 
the inferior attachment system 176. Again, the balloon 
radiopaque marker 84 is used to align the center of the 
balloon with the attachment means. The balloon is then 10 
inflated, and perhaps deflated and inflated, to expand 
the attachment system and ensure that the wall engag- 
ing members 195 and 196 are firmly urged and 
implanted in the vessel wall 202. Thereafter, the balloon 
is f inally*def lated**^ * * > ■■ »»-••<• • 15 

[0079] As shown in FIG. 32, the proximal capsule 
assembly 130 and balloon 60 are moved proximal the 
graft 55. First the locking ring 147 is loosened. Then, 
while holding the capsule catheter assembly 52 in place 
by grasping the wye adapter 1 45 with one hand, the bal- 20 
loon catheter assembly 51 is moved proximaily by gen- 
tly pulling the handle assembly 1 10 with the other hand. 
Thus, the capsule catheter assembly and balloon cath- 
eter are in the same relative position as they were just 
prior to deployment (FIG. 8). Also, the proximal end 103 25 
of the distal capsule 93 has been mated with the proxi- 
mal cap 100 for smooth transition. 
[0080] Finally, as shown in FIG. 33, the capsule jacket 
locking ring 165 is loosened. While holding the capsule 
jacket sheath adapter 1 64 in place, the balloon catheter 30 
and capsule catheter assemblies 51 and 52 are moved 
proximaily and in unison by gently pulling the wye 145 of 
the capsule catheter assembly. The catheter assem- 
blies are moved until the distal end of the main sheath 
163 covers the distal capsule 93 or until the proximal 35 
capsule adapter housing 134 mates with the flared tran- 
sition of the capsule jacket, thereby creating a smooth 
transition along the entire length of the intraluminal 
grafting apparatus 50. Thereafter, the balloon catheter 
assembly, capsule catheter assembly, capsule jacket 40 
assembly 53 and control wire assembly 54 are removed 
from the aorta through the femoral artery. The graft 50 
and attachment means 175 and 176 remain secured to 
the vessel wall 202, thereby sealing the aneurism 201 
from blood flow. 45 
[0081] The entire procedure described herein can be 
observed under fluoroscopy. The relative positioning of 
the graft 55 and the balloon 60 can be readily ascer- 
tained by the radiopaque attachment systems 175 and 
176, radiopaque markers 197 and 198 provided on the so 
graft, and the radiopaque marker 84 on the balloon 
shaft 61. If any twisting of the graft has occurred 
between placement of the superior attachment system 
and the inferior attachment system, then the twisting 
can be readily ascertained by observing the series of 55 
markers 197 and 198. Adjustments to eliminate any 
twisting which may have occurred can be made before 
exposing the graft's inferior extremity 172 by rotation of 



the capsule catheter assembly 52. Any excessive graft 
compression can be ascertained by observing the radi- 
opaque markers 197 and 198 under fluoroscopy. 
Adjustments to eliminate graft compression can be 
made before exposing the inferior extremity of the graft 
by applying tension on the capsule catheter assembly 
52. 

[0082] Post implant fluoroscopy procedures can be 
utilized to confirm the proper implantation of the device 
by the use of a conventional pigtail catheter or by inject- 
ing dye into the guide wire lumen of the balloon catheter 
shaft. Thereafter the sheath can be removed from the 
femoral artery and the femoral artery closed with con- 
ventional suturing techniques. Tissues should begin to 
grow into the graft withih*tw6 W four weSRs wrtfT tissue 
completely covering the interior side of the graft within 
six months so that no portion of the graft thereafter 
would be in communication with the blood circulating in 
the vessel. This establishes a complete repair of the 
aneurysm which had occurred. 
[0083] While several particular forms of the invention 
have been illustrated and described, it will be apparent 
that various modifications can be made without depart- 
ing from the scope of the invention. For example, refer- 
ences to materials of construction and specific 
dimensions are not intended to be limiting in any man- 
ner and other materials and dimensions could be sub- 
stituted and remain within the scope of the invention. 
Accordingly, it is not intended that the invention be lim- 
ited, except as by the appended claims. 

Claims 

1- A system for implanting a prothesis in a corporeal 
lumen having a wall, said system comprising: 

a graft (55) having a superior end (171) and an 
inferior end (172), said graft (55) having a first 
attachment system (175) located at the supe- 
rior end (1 71) and a second attachment system 
(176) located at the inferior end (172); 
a capsule catheter (52) having an elongate 
tubular member (131) having proximal and dis- 
tal ends; and 

a balloon catheter (51) disposed within said 
capsule catheter (52), said balloon catheter 
(51) including a second elongate tubular mem- 
ber (61) having proximal and distal ends, and 
an inflatable member (60) positioned proximal 
the distal end of the second elongate tubular 
member (61), characterised in that said cap- 
sule catheter (52) further includes a proximal 
capsule (1 32) positioned at the distal end of the 
elongate tubular member (131) and said bal- 
loon catheter (51) further includes a distal cap- 
sule (93) positioned proximate the distal end of 
the second elongate tubular member (61), 
wherein the superior end (171) of said graft 
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(55) is removably retained in the distal capsule 
(93), and the inferior end (1 72) of said graft (55) 
is removably retained in the proximal capsule 
(132). 

5 

2. The system as recited in claim 1 , further comprising 
a capsule jacket (53) slidably positioned coaxially 
with said capsule catheter (52) and said balloon 
catheter (51), wherein the capsule jacket (53) is of 
sufficient length to cover both the proximal capsule 10 
(132) and at least a portion of the distal capsule 
(93). 

3. The system as recited in claim 1 or 2, further com- 
prising: ^ 15 



4. The system as recited in claim 3, wherein said bal- 
loon catheter (51) further comprises a proximal cap 
(100) secured to the second elongate tubular mem- 
ber (61), wherein the proximal cap (100) is config- 30 
ured and positioned to be slidably retained within 
the distal capsule (93). 

5. The system as recited in any preceding claim, 
wherein the first and second attachment systems 35 
(175,176) of said graft (55) are self -expanding. 

6. The system as recited in any preceding claim, 
wherein the first and second attachment systems 
(175,176) of said graft (55) include means for 40 
engaging the wall of the corporeal lumen to secure 
said graft (55) thereto. 

7. The system as recited in any preceding claim, 
wherein the first and second attachment systems 45 
(175,176) of said graft (55) include wall engaging 
members (195,196) configured to pierce the wall of 
the corporeal lumen. 

8. The system of any preceding claim, wherein said so 
balloon catheter (51) further comprises pusher 
means (85) for engaging the second attachment 
system (1 76) located at the inferior end of said graft 
(55), the pusher means (85) being slidably dis- 
posed on the second elongate tubular member (61 ) ss 
proximal said inflatable member (60). 

9. The system of claim 8, wherein said balloon cathe- 



ter (51) further comprises retaining means (86) fix- 
edly positioned on the s cord elongate tubular 
member (61) proximal the pusher means (85) for 
preventing proximal movement of the pusher 
means (85). 

10. The system of any preceding claim, wherein said 
balloon catheter (51) further comprises a through 
lumen (63) extending from the proximal end to the 
distal end of the second elongate tubular member 
(61), and an inflation lumen (64) extending from the 
proximal end to proximate the distal end of the sec- 
ond elongate tubular member (61) and being in fluid 
communication with the inflatable member (60). 

11. The system of claim 10, wherein the proximal end 
of the second elongate tubular member (61) of said 
balloon catheter (51 ) is bifurcated to form a first arm 
(75) and a second arm (72), the first arm (75) hav- 
ing a lumen in communication with the through 
lumen (63) and configured to releasably secure a 
guide wire (56) received therein, the arm (72) hav- 
ing a lumen in fluid communication with the inflation 
lumen (64) and configured to accept means for 
inflating said inflatable member. 

12. The system as recited in any preceding claim, 
wherein said capsule catheter (52) includes means 
for moving said proximal capsule (132) to uncover 
the second attachment system (176) before said 
distal capsule (93) is moved to uncover said first 
attachment system (175). 

13. The system as recited in any preceding claim, fur- 
ther comprising a removable sleeve (53) of a flexi- 
ble material, said removable sleeve configured to 
extend over said proximal capsule (132), said graft 
(55) and at least a portion of said distal capsule 
(93), wherein a smooth transition is provided 
between said distal capsule (93) and said proximal 
capsule (132). 

14. The system as recited in claim 13, said removable 
sleeve (53) further comprising means (162) posi- 
tioned exterior of the body for securing said remov- 
able sleeve (53) to said capsule catheter (52) and 
for manipulating said removable sleeve (53) to 
uncover the distal capsule (93) and to uncover said 
proximal capsule (132). 

PatentansprQche 

1 . System zum Implantieren einer Prothese in ein eine 
Wand aufweisendes KOrperlumen, wobei das 
System umfaBt: 

ein Implantat (55) mit einem Oberende (171) 
und einem Unterende (172), wobei das Implan- 



a control wire (91) slidably disposed in a lumen 
(65) of the second elongate tubular member 
(61), the control wire (91) having a distal end 
(95) secured to the distal capsule (93) and a 20 
proximal end; and 

control' means (110) connected to the proximal 
end of the control wire (91) for moving the distal 
capsule (93) relative to the second elongate 
tubular member (61). 25 
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tat (55) ein am Oberende (171) angeordnetes 
erstes Halterungssystem (175) und ein am 
Unterende (172) angeordnetes zweites Halte- 
rungssystem (176) aufweist; 

5 

einen Kapselkatheter (52) mit einem langge- 
streckten Rohrelement (131) mit proximalen 
und distalen Enden; 

einen BaNonkatheter (51), der in dem Kapsel- w 
katheter (52) angeordnet ist, wobei der Ballon- 
katheter (51) ein zweites langgestrecktes 
Rohrelement (61) mit proximalen und distalen 
Enden sowie ein aufpumpbares Element (60) 
aufweist, das proximal des distalen.Endes des 15 
zweiten langgestreckten Rohrelements (61) 
angeordnet ist, dadurch gekennzeichnet, daB 
der Kapselkatheter (52) ferner eine proximaie 
Kapsel (132) aufweist, die an dem distalen 
Ende des langgestreckten Rohrelements (131) 20 
angeordnet ist, und daB der Ballonkatheter 
(51) ferner eine distale Kapsel (93) aufweist, 
die proximal des distalen Endes des zweiten 
langgestreckten Rohrelements (61) angeord- 
net ist, wobei das Oberende (1 71) des Implan- 25 
tats (55) in der distalen Kapsel (93) entfernbar 
aufgenommen ist, und wobei das Unterende 
(172) des Implantats (55) in der proximalen 
Kapsel (132) entfernbar aufgenommen ist. 

30 

2. System nach Anspruch 1, ferner umfassend einen 
Kapselmantel (53), der verschiebbar koaxial zu 
dem Kapselkatheter (52) und dem Ballonkatheter 
(51) angeordnet ist, wobei der Kapselmantel (53) 
eine ausreichende Lange hat, um sowohl die proxi- 35 
male Kapsel (132) ais auch zumindest einen 
Abschnitt der distalen Kapsel (93) abzudecken. 

3. System nach Anspruch 1 Oder 2, ferner umfassend: 

40 

einen Steuerdraht (91), der verschiebbar in 
einem Lumen (65) des zweiten langgestreck- 
ten Rohrelements (61) angeordnet ist, wobei 
der Steuerdraht (91) ein an der distalen Kapsel 
(93) gesichertes distales Ende (95) sowie ein 45 
proximales Ende aufweist; und 

Steuermittel (110), die an dem proximalen 
Ende des Steuerdrahts (91) angeschlossen 
sind, um die distale Kapsel (93) relativ zu dem so 
zweiten langgestreckten Rohrelement (61) zu 
bewegen. 

4. System nach Anspruch 3, wobei der Ballonkatheter 
(51) ferner eine proximaie Kappe (100) aufweist, 55 
die an dem zw iten langg streckten Rohrelement 
(61) gesichert ist, wobei die proximaie Kappe (100) 
konfiguriert und angeordnet ist, um in der distalen 



Kappe (93) verschiebbar aufgenommen zu werden. 

5. System nach einem der vorhergehenden AnsprQ- 
che, wobei die ersten und zweiten Halterungssy- 
steme (1 75, 1 76) des Implantats (55) 
selbstaufweitend sind. 

6. System nach einem der vorhergehenden AnsprO- 
che, wobei die ersten und zweiten Halterungssy- 
steme (175, 176) des Implantats (55) Mittel zum 
Eingriff mit der Wand des Kflrperlumens aufweisen, 
um das Implantat (55) daran zu sichern. 

7. System nach einem der vorhergehenden Anspru- 
che, wobei die ersten und zweiten Halterungssy- 
steme (175. 176) des Implantats (55) 
Wandeingriffselemente (195, 196) aufweisen, die 
konfiguriert sind, um die Wand des Kdrperlumens 
zu durchstechen. 

8. System nach einem der vorhergehenden Anspru- 
che, wobei der Ballonkatheter (51) ferner Schiebe- 
mittel (85) zum Eingriff mit dem am Unterende des 
Implantats (55) angeordneten zweiten Halterungs- 
system (176) aufweist, wobei das Schiebemittel 
(85) verschiebbar an dem zweiten langgestreckten 
Rohrelement (61) proximal des aufpumpbaren Ele- 
ments (60) angeordnet ist. 

9. System nach Anspruch 8, wobei der Ballonkatheter 
(51) ferner Haltemittel (86) aufweist, die fest an 
dem zweiten langgestreckten Rohrelement (61) 
proximal des Schiebemittels (85) angeordnet sind, 
um eine proximaie Bewegung des Schiebemittels 
(85) zu verhindern. 

10. System nach einem der vorhergehenden Anspru- 
che, wobei der Ballonkatheter (51) ferner ein 
Durchgangslumen (63) aufweist, das sich vom pro- 
ximalen Ende zum distalen Ende des zweiten lang- 
gestreckten Rohrelements (61) erstreckt, sowie ein 
Aufpumplumen (64), das sich vom proximalen 
Ende nach proximal des distalen Endes des zwei- 
ten langgestreckten Rohrelements (61) erstreckt 
und mit dem aufpumpbaren Element (60) in Fluid- 
verbindung steht. 

11. System nach Anspruch 10, wobei das proximaie 
Ende des zweiten langgestreckten Rohrelements 
(61) des Ballonkatheters (51) unter Bildung eines 
ersten Arms (75) und eines zweiten Arms (72) 
gegabelt ist, wobei der erste Arm (75) ein Lumen 
aufweist, das mit dem Durchgangslumen (63) kom- 
muniziert und ausgebildet ist, um einen darin auf- 
genommenen Fuhrungsdraht (56) I6sbar zu 
sichern, und wobei der zweite Arm (72) ein Lumen 
aufweist, das mit dem Aufpumplumen (64) in Fluid- 
verbindung steht und konfiguriert ist, um Mittel zum 
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Aufpumpen des aufpumpbaren Elements aufzu- 
nehmen. 

12. System nach einem der vorhergehenden AnsprQ- 
che, wobei der Kapselkatheter (52) Mittel aufweist, s 
urn die proximale Kapsel (152) zum Freilegen des 
zweiten Halterungssystems (176) zu bewegen, 
bevor die distale Kapsel (93) zum Freilegen des 
ersten Halterungssystems (175) bewegt wird. 

w 

13. System nach einem der vorhergehenden AnsprO- 
che, das ferner eine entfernbare HQIse (53) aus 
einem flexiblen Material aufweist, wobei die ent- 
fernbare Hulse konfiguriert ist, urn sich uber die 
proximale Kapsel (132), das Implantat (55) und is 
zumindest einen Abschnitt der distalen Kapsel (93) 

zu erstrecken, wobei ein glatter Ubergang zwischen 
der distalen Kapsel (93) und der proximalen Kapsel 
(132) erzeugt wird. 

20 

14. System nach Anspruch 13, wobei die entfernbare 
HDIse (53) ferner auGerhaib des KOrpers angeord- 
nete Mittel (162) aufweist, urn die entfernbare 
Hulse (53) an dem Kapselkatheter (52) zu sichern 
und um die entfernbare HQIse (53) zu manipulieren, 25 
um die distale Kapsel (93) freizulegen und um die 
proximale Kapsel (132) freizulegen. 

Revendications 

30 

1. Syst&me pour implanter une prothSse dans une 
lumtere corporelle ayant une paroi, ledit syst&me 
comprenant : 

un greffon (55) ayant une extr6mit6, sup6rieure 35 

(171) et une extr6mit6 inferieure (172), ledit 
greffon (55) ayant un premier systfcme de fixa- 
tion (175) plac§ au niveau de I'extr6mite sup6- 
rieure (171) et un second syst&me de fixation 
(176) plac6 au niveau de I'extr6mit6 inf6rieure 40 

(172) ; 

un catheter k capsule (52) comportant un 6I6- 
ment tubulaire allong6 (131) ayant des extr6mi- 
t6s proximale et distale ; et 
un catheter k ballonnet (51) dispose k I*int6- 45 
rieur dudit catheter k capsule (52), ledit cathe- 
ter k ballonnet (51) comprenant un second 
6l6ment tubulaire aliongS (61) ayant des extra- 
mites proximale et distale, et un 6l6ment gon- 
flable (60) p!ac6 k proximity de rextr6mit6 so 
distale du second 6l6ment tubulaire allong6 
(61), caract6ris6 en ceque ledit catheter k cap- 
sule (52) comprend en outre une capsule proxi- 
male (132) plac6e au niveau de rextr6mit<§ 
distale de I'glgment tubulaire allonge (131) et ss 
ledit catheter k ballonnet (51) comprend en 
outre une capsule distale (93) plac6e k proxi- 
mity de rextr6mit6 distale du second 6l6ment 



tubulaire allong6 (61), I'extr6mit6 supSrieur 
(171) dudit greffon (55) 6tant retenue de 
mantere amovible dans la capsule distale (93), 
et I'extr6mit6 inf6rieure (172) dudit greffon (55) 
6tant retenue de manure amovible dans la 
capsule proximale (132). 

2. Systeme selon la revendication 1, comprenant en 
outre une enveloppe de capsule (53) plac6e de 
mantere coulissante coaxialement avec ledit cath6- 
ter k capsule (52) et ledit cath6ter k ballonnet (51), 
I'enveloppe de capsule (53) 6tant suff isamment lon- 
gue pour recouvrir k la fois la capsule proximale 
(132) et au moins une partie de la capsule distale 
(93). 

3. Systeme selon la revendication 1 ou 2, comprenant 
en outre : 

un fil de commande (91) dispose de manure 
coulissante dans une lumi&re (65) du second 
6l6ment tubulaire allong6 (61), le fil de com- 
mande (91) ayant une extr6mit6 distale (95) 
f ix6e k la capsule distale (93) et une extrGmite 
proximale ; et 

des moyens de commande (110) raccord6s k 
I'extr6mit6 proximale du fil de commande (91) 
pour d6placer la capsule distale (93) par rap- 
port au second 6l6merrt tubulaire allongS (61). 

4. Systeme selon la revendication 3, dans lequel ledit 
catheter k ballonnet (51) comprend en outre un 
capuchon proximal (100) fix6 au second 6l6ment 
tubulaire allong6 (61), le capuchon proximal (100) 
6tant configur6 et plac6 pour §tre retenu de 
mantere coulissante k Tint6rieur de la capsule dis- 
tale (93). 

5. Systeme selon Tune quelconque des revendica- 
tions pr6c6dentes, dans lequel les premier et 
second systemes de fixation (175, 176) dudit gref- 
fon (55) sont autodilatables. 

6. Syst6me selon rune quelconque des revendica- 
tions pr6c6dentes, dans lequel les premier et 
second systemes de fixation (175, 176) dudit gref- 
fon (55) comprennent des moyens pour venir en 
prise avec la paroi de la lumtere corporelle afin d'y 
fixer ledit greffon (55). 

7. Syst&me selon Tune quelconque des revendica- 
tions pr£c6dentes, dans lequel les premier et 
second systemes de fixation (175, 176) dudit gref- 
fon (55) comprennent des 6l6ments (195, 196) 
venant en prise avec la paroi qui sont configures 
pour percer la par i de la lumtere corporell . 

8. Systeme selon I'une quelconque des revendica- 
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tions ptec6dentes, dans lequel ledit catheter k bal- 
lonnet (51) comprend en outre des moyens 
poussoirs (85) pour venir en prise avec le second 
systems de fixation (176) plac6 au niveau de 
rextr6mit6 interieure dudit greffon (55), les moyens 5 
poussoirs (85) 6tant disposes de manure coulis- 
sante sur le second <§tement tubulaire aliongg (61) 
k proximity dudit 6l6ment gonflable (60). 

9. Systeme selon la revendication 8, dans lequel ledit 10 
catheter k ballonnet (51) comprend en outre des 
moyens de retenue (86) places de mantere fixe sur 

le second 6l6ment tubulaire allonge (61) k proximite 
des moyens poussoirs (85) pour emp§cher le mou- 
vement proximal des moyens poussoirs (85). 75 

10. Systems selon Tune quelconque des revendica- 
tions pr6c6dentes, dans lequel iedit catheter k bal- 
lonnet (51) comprend en outre une lumtere 
traversante (63) s'6tendant de I'extrGmrte proximale 20 
k I'extrdmite distale du second 6l6ment tubulaire 
allonge (61), et une lumtere de gonflage (64) 
s'6tendant de I'extrSmite proximale jusqu'6 proxi- 
mity de I'extrgmite distale du second 6l6ment tubu- 
laire allonge (61) et en communication fluidique 25 
avec I'Stement gonflable (60). 

11. System e selon la revendication 10, dans lequel 
i'extrgmite proximale du second Pigment tubulaire 
allongS (61) dudit cattteter k ballonnet (51) se 30 
divise pour former un premier bras (75) et un 
second bras (72), le premier bras (75) ayant une 
lumtere communiquant avec la lumtere traversante 
(63) et configure pour fixer de mani&re amovible un 
guide souple (56) regu k I'interieur, le second bras 35 
(72) ayant une lumtere en communication fluidique 
avec la lumtere de gonflage (64) et configure pour 
accepter des moyens de gonflage dudit 6l6ment 
gonflable. 

40 

12. Systeme selon i'une quelconque des revendica- 
tions pr6c6dentes, dans lequel ledit catheter k cap- 
sule (52) comprend des moyens pour d6placer 
ladite capsule proximale (132) pour d6couvrir le 
second systeme de fixation (176) avant que ladite 45 
capsule distale (93) ne soit d6plac6e pour d6cou- 

vrir ledit premier systeme de fixation (175). 



14. Systeme selon la revendication 13, ledit manchon 
amovible (53) comprenant en outre des moyens 
(162) places k I'exterieur du corps pour fixer ledit 
manchon amovible (53) audit cattteter k capsule 
(52) et pour manipuler ledit manchon amovible (53) 
pour d6couvrir la capsule distale (93) et pour 
d6couvrir ladite capsule proximale (132). 



13. Systeme selon Tune quelconque des revendica- 
tions pr6<tedentes, comprenant en outre un man- so 
chon amovible (53) fabriqu6 en mater iau souple, 
ledit manchon amovible 6tant configure pour 
s'6tendre sur ladite capsule proximale (132), ledit 
greffon (55) et au moins une partie de ladite cap- 
sule distale (93), dans lequel une transition lisse est ss 
pr6vue ntre ladite capsule distale (93) et ladit 
capsule proximale (132). 
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